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1. INTRODUCTION 

A. FU3WSHARE DEFINED 

1. The possibility of non-military use of NE has been discussed 

ever  since the detonation of the f i r s t  nuclear device. The PLOWSHARE 
program is the study of the industrial and other peaceful uses of nuclear 
explosives (NE) . 

2. In February 1957, the f i r s t  symposium on the Industrial 
Uses of Nuclear. Explosi.ves was held a t  the University of California 

Lawrence Radiation Laboratory (LRL) . This symposium resulted 
in the establishment of Project PLOWSHARE. Theoretical studies 
soon showed that several  projects involving the use of NE appear 
feasible &th marked reductions in cost--by factors up to several  
hundred. W i t h  these encouraging preliminary findings, LRL began 
more  detailed analyses of specific projects. In outline form these 

projects a re :  

Excavation 

Cratering Experiment - OXCART 
Harbors - CHARIOT 
Canals - Isthmian Canal 

Power and Isotope Production - GNOME 

Oil Production 

Oil Sands - CAULDRON 

Oil Shale - VINTAGE 
Improving - AQUIFER 

Miscellaneous Industrial Projects 

Scientific Experiments 

B . UNDERGROUND DETONATIONS 

(UNCL) 

(UNC L) 

1. The weapon tes ts  of pr imary interest to the PLOWSHARE 

program a r e  those detonations that took place underground. There 

have been nine underground nuclear explosions detonated by the U. S. 



These. shots a r e  shown in Table I. In addition to these nuclear .deto- . . 
nations,. several se r i e s  of t e s t s  with:HE.:have been conducted at - 
D u g w a y ~ r o $ i n ~  Grounds zind the ~ e . v &  ~ket ' s i te ' . .  As i reeult of . .  

- e the NE. d d -  HE' tests,  'data' -were bbtiiined cohcerning--crate-rifig a d  

. containdent. , ' -  a -. i ,. 
~ U M C  L) 

. . .  . . .  . . . - .  . .. . 2. The data relating depth of burst to apparent c r a t e i  depth- 

. . 
. . and radius a r e  shown in Fiwre- 1: Co'mparing.the're.sults o f the .  - - - 

nuclear ex$losions that pr0duc.e.d c ra tp i s  with- the Gean of the -HE . . ' 

rd sults in. the .Neva.da illuvium, leads .&the. .approx&nati.on.that: { ~ e  

. . radius. of ,a:.crater pro.duced.by NE-is  80%, and the depth -90%, of- . 
. . 

that for  a n  HE explosion of the 'k-e .TNT equivalentene-rgy:release;* 

. The reaults from the. test  in the Nevada a l luvium.cq be. related to . . ,  . . . 
. :- _ 

other media. Table ZL shows the expected cra ter  dimensions'in . - 
various media for -=  1 KT;nuclear explosion at two depths .sf burial, 
63 feet . ( .  h **r=-O:5)..and 280 feet t:X = $.6)..-.For scaling-to-larger ' . ._ '. 

. . .-. . . . .  . . . . '. 

. . . .  . t '. . . , . .  . . . . . . * Relative crater'ing efficiency of NE and HE may be compared . . _. , in  many . . 
' . *  

ways..  ~ b i  t h i s  hefinititin 6f Fra te i . i~g  efficiency - Saine- energy . 
- .  rele-a.&e - the es$fi:ciency h&-.be&n obbkrved tb vary f rbm 35% -I. 74% for  

radii of c ra te r  and fi.o&.' 61,v0 to -97vq.-for depth. . ~ r a t k r i n i - ; e f f i c i & & ~  
varies  .:with.depth of burst md , these  numbers quoted:are probably. . , .4 . . 
close ,to, the maximum ?fficikncies those 'observed a t  1 : = .12 fo r  
the Jangle-U . . shot. - . . . 1 . ..$, . - . . . . . - - . .  . . . . - -  . .. . - .  

. . . .  , . . .... * .* . actual depth of ..! '*actual depth'>of. . , 

: (lambda) = burial (Zt) . - ; :'scaled 
. . ~ i e l d l / 3 .  (lbs..) . ' 

* * . - 1 .  . ' f t '  . ,. - . .. .. 
A Scaled Depth of 126. feet: (dimensi.ons KTl/ 3) corresponds to  : , 

. . ,. .ft, 2 -- - - , - ... . .- 
A = 1 - (dimensions . .  l/ 3) -, 

1.b~.  . . 
: -. . .. <* 

Note the difference of units' between A ,  and the scaled Depth. . - These 
definitions kill be bsed.throughbut t h i s  report,  &v&i ;bough some 

. - 
papers i e fe r  to h Bs the scaled Depth.* . . - . -  .. . -. 

-s . . . . . , 1 . .  . 

. . . . - . .  
(UNC L) .. . 

. * 



yields, it  is believed that the radius of the crater  is proportional to 

the third root of the yield (w1I3) and the depth of the crater  i s  pro- 

portional tp the fourth root of the yield (w1I4). These scaling laws 

a re  subject to some uncertainty and must be confirmed by further 
tests. 

(UNC L) 

3. On the subject of containment, i t  is believed that in the 

kiloton region and above, complete containment of all radioactive 

debris caq be expected for scaled depths of 450 w1I3 feet ( = 3.57). 

At a. scaled- depth of 290 wll feet ( = 2.3) only 0.1% of the debris 

escapes. These depths of burst are' considerably greater than those 
for maximum crater  volume. (UNC L) 

4. As shown in Table I i t  is possible, by varying the depth 
of burst, to exercise some control over the amount of radioactivity 
that is introduced into the biosphere. In addition, by designing 

devices which derive the majority of their energy from the fusion 

reaction, one can reduce the amount of radioactive fission debris 

produced. However, the fusion reaction produces large numbers of 

neutrons which can make most substances radioactive. These 

neutrons can be absorbed by certain elements--such as boron-- 
without producing ra 'd ioact i~i t~ .  Thus, by surrounding the fusion 

explosives with a neutron absorbing blanket, the radiological effects 

can .be reduced to acceptable levels. 

(UNC L) 

5. It has been publicly announced that a t  the present time 

a fusion reaction can be produced only by using the fission process. 

For explosi.ves in the megaton range, about 5 per cent of the energy 

release must come from fission. Consequently, to assure public 
safety one must control the fusion neutrons and the fission products. 

Studies a r e  continuing a t  the Atomic Energy Commission (AEC) 

laboratories to develop nuclear explosives which will be "cleaner, It 

i. e. , explosives with lower percentages of their energy derived 

from the fission process. (See Section 111) 

(UNC L) 



DMA ON UNDERGROUND WCLU EXPLOSIVES : ,; : s - 

. - 
D ' Radioactivity 

Event, . Y i e l d  (@ Depth (B) Scaled ~ e p t h T / g  Esca*? . Crater 'volume Ckatkr Volurdne - 
Ft. Ft/KTM P 4 .. . . - . . K T  ..- .:. . . .  . .' ~ d 3  ..,, . . , .  . 

. Y ~ ~ / K T  

* 3.5 Feet - above &face (included for comparison) . 
;w shots NEPmNE, thru, M&s were in tunnels in: a. vblcanic' tuff medium as opposed t? the allukal 

., . qkdFum of the firsC'5hree listed. Deipth stipulated for these shots. i s  nearest- diskace. &om 
. . d e b n a t i ~ ~  -point.,,$o- ground zero. . . * .  . . - ~ b ~ ~ & ~ h r o u g h  t o  B U I . ~ ~ B .  but r&di.oactive I& and Kr in led. quantities l&h into the 

tunnel, 
W l o  &e&hrough. to. &fc8 but stemmiug failed, .releasing gross fission a d i k t y  into the 

.. ., . . .. . tunnel.' :, .:.. , . . . . 
.:. 

. '(UNCLASSIFIED) . . \ .  
I. . . 
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Expected Crater Dimensions for  1 ICT 
* . . .. Nu.cle.ar. Explosions . .  i n  Vwi?us gedia 

t 

2% -. 
- . RADIUS (feet). . :-- - 

- .  . . Depth .= 63'. . ' mtio to Nevada 

Neveda- . .. Alluvium 135 . 1.0 - 

. . . - .. . . .. - . - 
i-. - ',: 

D r y  Clay : ' 1 7 5  . 
. . 1.3 - -  

- .  

wet clay. 290- . 2.1 '- 

Depth = mot 

a 0  . -- 

I DEP!Ei (feet) ' - 

. i 

IJevada Alluvium 8? . ' .  . l . O  126 . -. . 
. . .. - . . 

' .. :. ? 

Sendstonp . , -97. 1.18. ..- , 150.,.. - 
: . - .  

~ r y  sand : * 9-7. . . 1.18 . 150, - .'..: 

83 ' 
. . 

Granite-Limestone 1.0 128 

Dry Clay - 122- 1 - 5  - -  188'; .- 

wet clay - ' -. . 165 2.0 . '  255, - 

- I _ - .  
' - . VO& (yd3/KT) . 

: . > .  - - ~olume=l/2 T R% * 
- ._ . - . . . . 

Nevada Alluvium ' m,0& ., . 1.0 320,000 . . 

.. Sandstone 240,000 . '2.7 920,000 

D ~ Y  sand- .- 220,000: 2.5 830,000 

'. . 
.Granite-&nestone' l&3,$0 . -. . .* ' . , . -1.9 ;..' 625,000 

. . . .  . .  - . , 
. ~ r y  clay. . . . 220'-om , . v . .-. -' - 2.5: 830,000.: : - 

- .  . .  . 

Wet Clay m,& - .  9-0 . 3,000,000 
- .  . .  ( w~cz,). . .. 

* l?olume of paraboloid of revolution used as an..approxhation die t o  
lack of detailed knowledge, 
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.II, ; PROJECTS 

A, OXCART 

1. The crater ing capabilities of nuclear explosives a r e  

known for  some conditions. However, the la rges t  yield used in a 

crater ing shot was 1..2 KT, F o r  harbor and canal excavation, deto- 

nations up to the megaton range a r e  required. To-provide the 

additional data required, LRL has proposed two experiments in the 

excavation f ield-- OXCART and CHARIOT, (UNCL) 

2. Project OXCART is an experiment designed to study the 

phenomenology of nuclear cratering. detonations, The present plan 

is to detonate two 2.5 KT devices in the alluvium of Area 10 at the 

Nevada Test  Site (NTS), The f i r s t  detonation will be a t  a depth of 

400 feet.(scaled depth of 300 feet) and the second shot a t  275 feet  

(scaled depth of 200 feet). Both devices will be placed in 36-inch 

cased holes which wiU.be plugged with a lead shot shield weighing 

approximately 2, 500 pounds and with 50.feet of high density drilling 

fluid, The location was -selected because the geological conditions 

will be identical with those of the TEAPOT- ESS and BUSTER- 

JANGLE underground detonations, Both detonations will produce 

cr.ater.s,.- but i t  is. anticipat-ed that most of the radioactive debris 

will be trapped. Design and specifications a r e  being prepared f o r  

the device shaft and related experiments* hvi tat ions for bids on 

the major portion of the construction can be released immediately 

upon receipt of authorization to proceed with s i te  preparation. % 
3. On 10 March 1959, the Atomic Energy Commission gave 

approval fo r  the Director of Military Application (DMA) to proceed 

with the planning- and preparation to f i r e  two low yield cratering 

s h ~ t s  a t  NTS. By teletype dated 13 March ,1959, DMA gave the San 

Francisco Operations Office of the AEC (SAN) approval to proceed 

with OXCART planning with the provision that after the completion 



of the genera1.planEurther ~approva~.must'.be"obtained.from. DMA to 
. 

commit funds for major .expenditurt?s o r  bolicit bids -fdr excavation. . 

.or construction. The general plan i s  being prepared' by SAN, and it 

is expected that the completed plan will be forviarded. to DMA by 
. . . . . .  ... . .  septembeT"-1.959;. ..- - . . . .  . . . .  % 

... 
4, The mitjbf elements of.dhta-'that a r e  p1anibd.-tb be ob- : 

. -  . - ,  tained from. OX.G4R-T.-are: ;..-: .. ,:. .. .: ... - -  .- .--a - ..* .* ..,. . . . .  - .  
.. ) - .'. : . . . .  . . . .  . . . . . .  .. .. ..?'..(. . . .  ' . . - ' _ _  :. - : _ . _  . . . *  , . . .  . . -  

.b.. .Surface motion and p;errnanent displacement due to . 
. ... underground: nuclear explosions. -- - . . . . . 

c . .,C.oriEainmeiit and dis tr?but-i'on-df -r.adioac.tive debris.. ' :. .- 

, . . . .  . . .  - . . . . . .  . . . .  . . . . .  . . -. - . . . ' . . * .  . - . . - - . - - .  4 - .  . * .  : > - ,  - . . . . 
. . . . . .  ... !L;  he predicted depths .and diameters: of craters,  f r . 0 ~  , . . .  > . . . a  

4e.eply .buried than. 100. feet  sca led  d e ~ t h ) ~  !$$fo$ati@?s..?s : > .  . . : . . ..- . *..I_ , 7 .  

given in TM 23 ?290, .::-'f3apabiQtie$i:of-.Atq~ic, W ~ a ~ 0 n . s  ;!I. are:. .5!aased ; . . .  . . . .L 

entirely-on data f - rom .high-expl;osiye ,tests and theory, .. Th-eey are . - -  -.. 

likely to be .conierir.ative; . . that*is,. . - th9.y%.lean-to . - .  -the, - _. low - side ,of, the . . 
range .,of upcertaint-y . . ., : ~f?er.le.bil.+y-s-u~por . . ted by - - . ... . . .  . . . . . . . . .  
the, NEPTUNE shot. that dimensigns f q.=Lthe :OXCART evsnfs will: ; 
r - .. ,. .... . . 

b e  . . .appr e c 2 a  -1a.rger than! indjca t.ed by 2 ~ 2 3 -  z.Q&. The f oilowing 
- - .  - .: i- - . . 

dimensions-'a*+ - .  podif icatioqe -. j9f ~~ . :23 ;2 .00  predictions based . . . .  inj ..... . . . .  ~. . 
part on. N E P T U W : . . ~ ~ ~  in. part.,on. theoretical.cpnsiderations.: ;. . 

. . - -. . i . -  .. . 
< . . 2.'5 KT at 400 Feet  2.5 KT a t  275 Feet . * - .  . . 

Crater  de$h- ' . . . . . . . . .  - 13 ft .2 13 . . . . . .  f t .  . 6 5 f t f  20ft ,  - - - - '  ' . . - " .. _. L .  . . -. . 

Craterdia_mreter.~:.  . . . . . _ .  . 
. . . . .  . . -  . - - r .  . . . e 3 s f t 2  _ _ _ _  80 f t -  :, 420.ft + 80 f.t . 

;.is .-?-. 

. . . . .  . .  Crater  voIume ... -'i. : 
, ., . . - -- - . ' -:.. 

- Q,-- 38,: 0.0.0 &. - yd.?. -::76,000.- 31% 000 cu. ~ d s -  A . . :.' .... 8 - I 

.Fallout f r:ac.$ion I ...... - - . . .  . . . . 
. . . .- - : . -  I . . ? .  .._ ._ _ _ .. ~x *L. ':. : jyo- . 

6%. .':- . . . . . - 
-.,Mid. .- ::"' ;. : .. !' - . .  . . . . .  .-1% ... .x,. - , .. ,. , . . .  - ' 0 % .  . . ...v. ... . . 

.Ekpec.ted ......... . . .  O.O5.%o'O'_ . . .  . . - .  - - ,  - .- .. *= 

. . .  



6 ,  Major factors influencing the .initiation and completion 

of Project OXCART are :  

a.. DMA Policy Considerations: 

( 2 )  DMA stipulates that detonation may not occur 

until after 1 November 1959. 

. .. (2) Pr ior  to making any major.  expenditures for  

site or  device preparation, D M  will be informed of a l l  applicable 

factors,  permitting DMA to decide whether preparations should go 

forward* 

(3 )  Existing operational. cr i ter ia ,  a s  e.s tablished 

by the AEC, limit the yield of surface or cratering shots to 1 KT. 

Approval for increased yields would require further Commission 

review and approval of the higher yields anticipated for  OXCART, 

b. Construction Considerations : 

(1) Utilization of a cost plus fixed fee (CPFF) 

contractor on an accelerated schedule d l 1  require 56 days to 

complete construc'tion; while utilization of a lump sum contractor 

involving a normal'bid period, award action, etc. will require an 

estimated 81 working days f rom date of authorization. 

(2) The use of a lump sum contractor plus a 

provision of 30 days user  occupancy, requires a minimum four 

months f rom authorization to proceed to detonation day. 

c, Weather Corisiderations: 

(1) ~ e ' a t h e r  'during the la'te fall and early winter 

provi&s an average of two o r  three days each month with acceptable 

winds . 
(2) With normal wind and stability conditions, the 

extent of the 0.5 roentgen estimated dose line would be between 2 5  

and 50 miles. There is a fa i r  possibility that an even greater  part  

of the radioactivity will remain in o r  very near the c ra te r  than is 

the case for shallow bursts, in which case the extent of the 0.5 

roentgen line would be still less.  



. - . . . . .  . . . . 
. . -.._ . . . . . .  . ' . . . - 

. . ._.* - . . 
. . . .  . '  (3) For: both. shdts, .there &ay be-a fairly. long &it 

.for acceptable winds, .if a narrow (30 degree) sector to,wards the - - .  
-. 

, northeast i s  considered the .most desiirable. ' -  

. . 
d. Weapons ~ e s t  ~ , i ihs idra t ions:  Interference with. . . 

-5 a possible weapons test .series apparently would not be of such : 
, .  . rnainitudi. a s  &. i2regte undue.diffic:dtyi Integiation of - O X C A R . T > ~ ~ ~ O  

a full-'scale te.st series would be  erati ti on all-^ feasible f rom a sup-. 
. . .  . ::. : . - -  . .  . , - .  

port standpoint: ..' . - -  . . . . .  . . - 4 - - .  . . . .  . A. 0 - 
(-1 .. 

. . . _.. 
. . . .  2 . . ; . -.," 

7. In &&unctioh.xth. OXCART t&o kpecial projects .re- - , - 
. . .  . . . .  . - i. ,. 

l-atihg to pAblic- sif&ty aie planned. ' - - . .- - .  1 . *  .. . . - . . . . - .  . . . - .  ... .' . . . . _ - . .  . . . - - .  ' ii :Blast:-~rojett: A &&nkalprepoi.al hagbeen pre- ' ,. 
. . 

pared by the Sandia 'cbrporation fo r  rnicrobarographic and detailed 
. - 

. . tower meteorological mea's'uremen'ts . Ge=essary' to e s tabliih attenu- . . . . - . I  . . . . .  . _ I _  . *- . . 
t-. L . .. 

ation. constanti.'. Off'. - sltB. , . microbarq&aphii r.c&hprdings:'f =om - . - . .  - , - . - 
. a  . , . . . .  . . 

-.. 
. Operation TEAPOT; :kss--;hot.,. sh&edS.pressure a&blituaea in ;he ' . 

. 2 . 
- same r k g e  as -have. be:en rejcorded :f=brxi. similar yields xired, aboJe 

.-, '*. 
A .  <. 7 

. - 
. . . .... 

ground. . . If-'an. atteinxinbn due. .to burial.did .exisst,. :its .eff:ect was lo'st ' 

. I - .  ( 
. . - . .  . . 

. . - 
among thd dth(?i &c=rYainties. in ioig iange 'prediction.. At some - 

I > . . 
depth, attenuation rnus t become: totaily effective, . The purpose of 

. . this Proposal is t o  determin= .if P ~ O W S W R E  crat'ering dtipths result . . . .  ' 

. .- . .I . .: . - .-- . . .  
in an appreciabl$. decre;=s=d:dff-6it-=2noisk; . .- -The -res.ults.!ohtain=d: . . .  , 

- ' will'diiectly affect p ~ a i s  for other PLOWSHARE eve&.* 

.... . . . . .  . . . _ . . .  - .  . * . - -  . . - . .  * 
b. Animal L;re;tigatitj+ ~ i o j e = t :  $n. anie l . inv=s- t i -  - . . 

. . . .  :,: . 
gatioh;priject~df asof i t in~ing nafune-.iss:.m3e.r$ay in the ar.ea sus-  . . . . . .- 
rounding the NTS. ~ h e  objictive i s  to provide inforkation a s  to - 

. . .  
the'leyel of i'nttknal radiqisotopes tliat accumulate'-in.gr&zing . ;, ,: 

-. 3 
.=- ....... . . . .  

mi-mal? . - -  &ges ting fal~~otid . uider . rahge -Eonditio*a; The project .  
r .  

serve.s t o  enhance t.i& N ~ S -  rancher rel&id&hips and .pro&des in- 
. . . . . . . .  

formation as .  to- the- . sta)us,of . . -  ai.imals..in their en%ironment.'with " 
. 

!- .. . -' . -. - . . . . .  
special enip'hasi~ on ?hhe. radib.aa'c tiyity%.frbrn fallout. No .expan&on - . 

- . -  .... . ' 'Z> . *. . - i; - 



of the .program is planned f o r  Project OXCART. No cost. to OXCART 

i s  involved. 

8, The total cost of Project OXCART, excluding the charges 

of the nuclear devices, will be approximately $1,240,000. 

B. CHARIOT' 

1. The purpose of Project CHARIOT is  to investigate 

technical problems fundamental to excavation by the use of nuclear 

explosives and to create a usable harbor .on the coast of Alaska near 

Cape Thompson (see Figure 2), In considering the possible sites for  

conducting the CHARIOT experiment, early in 1958 it  was decided to 

focus attention on a stretch of Alaskan-coast extending from the 

vicinity of Nome to Point Barrow, an area  in which no harbors exist 

and also an- a rea  of low population density, Before selecting a 

specific site, LRL commissioned the E. J, Longyear Company to 

make an economic study to determine the long term potential of the 

area and .also, to specify the required size of harbor to support ex- 

ploitation of the areas s resources or  other development, The- study 

resulted in the selection of two sites--one in the vicinity of Cape 

Thompson and one east of Nome on the Darby Peninsula. The Cape 

Thompson site was preferred since it  was near potentially valuable 

resources and it offered operational advantages that would simplify 

the executi.on of CHAR.IOT, (Cp) 

2.. The U,S, Geological Survey was asked to study the 

Cape Thompson area, to make a fie1.d survey, and tb recommend 

specific sites, A preliminary report specified three possible sites 

in a 20 mile stretch of the coast. At a conference held on 17-19 

July 1958 and attended by members of the U,S, Geological Survey 

team, the Atomic Energy Commission, LRL, Sandia Corporation, 

U.S, Army Corps of Engineers, and Holmes and Narver (H&N), 

it was decided that the Ogotoruk Creek site was the most suitable. 

Phase I of CHARIOT took place during the summer of 1958. It 
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cionsisted in part, of an on-site survey conducted by the U.S. Geo- 

logical Survey, This survey verified that the Ogotoruk Creek a rea  

is topographically and geologically well situated fo r  the construction 

of a harbor. Studies of the submarine topography revealed that the 

offshore continuation of the Ogotoruk Valley would pro,vide an excel- 

lent natural deep water approach channel. Further,  i t  was decided 

that silting of the harbor by Ogotoruk Creek would be insufficient to 

create  .a maintenance problem for  a long time. One of the major 

concerns prior  to the field exploration was that of longshore trans- 

port (littoral currents)  of sand and gravel which would tend to build 

ba r s  and spi t s  across  the harbor entrance, Measurements a t  the 

site indicated that some tens of years would be required before a 

maintenance problem would arise.  '1cyF) 
3, The material  to be excavated consists of mudstone, 

sil ts tone, and sandstone which a r e  probably frozen to a depth of 

500 to 800 feet. It i s  not expected that there will be any large scale 

slumping into the c ra te r s  produced. 

4, Studies of the weather in the a rea  indicate that the 

harbor would be .ice-free about four months ,of the year. 

5, As a resul t  of the E. J. Longyear study, the original 

plan was to develop a full-scale harbor (1200 yard long channel, 

400 yards wide and a turning basin 1000 yards X 1700 yards) by 

detonating four 100 KT and two 1 MT devices (see  Figure 2). Be- 

cause of the cost of such a large project, i t  was decided to revise 

the plans and attempt to construct a smaller  harbor a s  an experi- 

ment. Under the revised plan, the harbor will have. a.'channel 270 

yards wide and 600 yards long and a turning basin approximately 

600 yards X 1000 yards. The minimum depth in the harbor will be 

30 feet. To accomplish the excavation, three 20 KT and two 200 

KT devices will be. used. 





6. As stated ear l ie r  in this report, the purpose of Project 

CHARIOT is to demonstrate the practicability of creating a deep 

water harbor in Alaska, and in such accomplishment, to ascer tain 

'and collect certain specific scientific information fundamental to 

future applications, To accomplish this mission, CHARIOT has been 

organized in three phases: 

PHASE I Prel iminary study and on- s i te  survey during summer  
1958. 

PHASE If Investigation of the proposed project s i te  commencing 
in the summer of 1959 and continuing until June 1960 
to obtain data on the geology of the a rea ,  hydrology, 
geo-thermal regime of the area,  chemical quality of 
the water, coastal processes,  regional ecology, 
meteorology, sub- surface drilling conditions, com- 
munications, and archeological artifacts. 

PHASE III Construction and detonation phase, Construction is 
planned to be accomplished during the summer  of 
1960, and the detonations a r e  scheduled for  April 
1961. Authority to proceed with Phase I11 will be 
issued upon the successful completion of Phase 11, 
provided the findings of Phase II a r e  favorable. 

-@ 
7, Phase 11, which is current1.y in progress,  concerns itself 

pr imari ly  with the question of public safety, and with obtaining addi- 

tional technical infor rnation. To accomplish Phase 11, an estimated 

maximum of seventy-five people will be on-site during the 1959 

summer season, and a total of $1,000,000 will be .expended. A partial  

l i s t  of the agencies involved in Phase I1 includes: 

U,Sa Atomic Energy Commission 
Albuquerque Ope rations Office 
San Francisco Operations Office 
Division of Biology & Medicine 

University of California E, 0, Lawrence Radiation Laboratory 
U. 3,- Army Corps of Engineers 
U,S, Coast & Geodetic Survey 
U, So Geological Survey 
U.S, F i s h  and Wildlife Service 
U. S, Public Health Service (Arctic Health Research Center) 
U, S, Public Health Service (Division of Radiological Health) 
U. S, Weather Bureau 
General Electric Company 



9 ,  In Phase III i t  i s  tentatively planned to drill two 36-inch, 

cased, holes to. a .depth .of 500 feet for the 200 KT devices, and three 

36-inch, caseds Iro1:es to a depth .of 275 feet -for' the 20 KT devices. 

The actual depth of burial of the devices is  not established a t  present 

but will be determined when data from CHARIOT Phase U and OXCART 

a r e  availdble . 
10. The total cost of Project CHARIOT, excluding the device 

cost but including internil LRL costs, i s  approximately $7,000, 000. (Qw) 
C . T-R ANS - LS-THMIAN CANAL 

1. h 1958 the engineering f i r m  of Parsons. Brinkerhoff, 

Hall, and Macdonald (PBH&M) completed and submitted to the 

Panama Canal Company certain long "range improvement plans for the 

Panama Canal, Two plans were for  lock canals and a third was for 

the conversion of the existing-canal to a sea level canal. In July 1958, 

the engineering f i rm learned of PLOWSHARE and contacted LRL for 

additional info'rmation, A s  a result, a study group, consisting of Mr. 

M. N,' ~ u a d e  f iom PBH&M and members of LRL and Sandia Corpor- 

ation, was established to evaluate the potentialities of using nuclear 

explosives for a sea 'level canal, 

2.  The route selected for study was the Sasardi- Morti Route 

which i s  approximately 110 miles southeast of the present canal. The 

.total length of cut would be approximately 50 miles and the maximum 

elevation 1100 feet. Two independent: studies of the use of NE  for 

e x c a ~ t i o n  .of the daiial. were made; 
. .. 

a. The devices were so  selected and placed that the 

total yield was a minimum, which means that each device was 
: ..:* 

placed a t  a depth to gi&'kaximum crater  dimensions, 
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